[1] The solar wind interaction with a planetary atmosphere produces a magnetosphere-like structure near the planet whether or not the planet has an intrinsic global magnetic field. In the case of planets like Venus or Mars, which have no global intrinsic magnetic field but possess a significant atmosphere, a magnetosphere is induced in the highly conducting ionosphere by the time-varying magnetic field carried by the solar wind. The induced magnetosphere at Venus and Mars is almost a ''permanent'' feature of the solar wind interaction. Here we report a Venus Express observation of the absence of the dayside part of the induced magnetosphere, when the interplanetary magnetic field (IMF) is nearly aligned with the solar wind flow. Using MHD simulations for this extreme IMF orientation, we examine the global interaction of the solar wind with Venus when the magnetic barrier disappears. Furthermore, we estimate the atmospheric loss under this extreme situation. While this solar wind aligned IMF interaction with a planet case is presently rare, and even rarer over solar system history, it might be an appropriate analogue of the interaction of a stellar wind with close-in exoplanet. Thus the solar wind interaction with Venus under this extreme condition might provide us a natural laboratory for studying the evolution of the atmospheres of ''hot Jupiters'' as well as close-in ''terrestrial'' planets. Citation: Zhang, T. L.,
Introduction
[2] Since the first exoplanet was discovered in the mid1990s, the search for Earth-like companions around other stars has been one of the great challenges in astronomy. Currently, more than 350 exoplanets are listed and the vast majority are giant gas planets rather like Jupiter (http:// exoplanet.eu/catalog.php). These exoplanets are further divided into two groups according to the stellar distance. One group of exoplanets, the so-called hot exoplanets, are very close to their host star, mostly at distances of 0.01 -0.1 AU. Since these close-in exoplanets are more or less tidally locked with slow rotation, their intrinsic magnetic moments are believed to be weaker compared to fast rotating ones [Grießmeier et al., 2004 [Grießmeier et al., , 2005 Khodachenko et al., 2007a Khodachenko et al., , 2007b . Moreover, depending on the stellar spectral type and orbital location, many exoplanetary atmospheres are exposed to high EUV radiation which leads to an expansion of the thermosphere's [e.g., Yelle, 2004; Lammer et al., 2007a Lammer et al., , 2007b Yelle et al., 2008] . In fact, a combination of high EUV radiation, the interaction between dense stellar plasmas with the upper atmospheres and weak magnetic moments of tidally locked exoplanets could lead to high nonthermal escape rates and resembles most likely the solar wind interaction with nonmagnetized or weakly magnetized planets such as Venus and Mars [Khodachenko et al., 2007a [Khodachenko et al., , 2007b Lammer et al., , 2009 . Therefore, Hot Jupiter evolution can be investigated by using Venus-like stellar plasmaatmosphere interaction analogues.
[3] Renewed interest in the topic of the solar wind interaction with the planet Venus will be generated with the Venus Express mission [Titov et al., 2006; Svedhem et al., 2007] . One of the major new outcomes is the understanding of the importance of an induced magnetosphere on the solar wind interaction [Zhang et al., 2007 [Zhang et al., , 2008a [Zhang et al., , 2008b Fedorov et al., 2008; Kallio et al., 2008; Martinecz et al., 2008; Szego et al., 2009] . The atmospheric loss occurs mostly through the plasma sheet and the boundary layers in the wake which are controlled by the configuration of the induced magnetosphere [Barabash et al., 2007] . An MHD simulation using best estimates of the early young Sun shows that the induced magnetosphere played an even more important role in the evolution of early planetary atmospheres .
[4] There are abundant observations of the induced magnetosphere. The magnetic barrier at both Venus and Mars is a nearly ''permanent'' feature of the solar wind interaction with their atmospheres. Here we report Venus Express observation of the absence of a magnetic barrier when the interplanetary magnetic field (IMF) is nearly aligned with the solar wind flow. Using MHD simulation under this extreme IMF orientation, we examine the global interaction of the solar wind with Venus when the magnetic barrier disappears. The impact on the atmospheric loss is to be evaluated and the implications of our findings for close-in exoplanets are discussed.
Disappearing of the Magnetic Barrier Observed by Venus Express
[5] The magnetic barrier region can be easily identified from the Venus Express magnetic field measurements with enhanced magnetic strength in the inner region of the magnetosheath [Zhang et al., 2006 [Zhang et al., , 2008a [Zhang et al., , 2008b . Figure 1a displays a typical magnetic barrier encounter (between 0146 UT to 0200 UT as shadowed area) while the interplanetary magnetic field (IMF) was very steady, as indicated by in the near constancy of both the orientation and magnitude of the field between the inbound and outbound passes on 27 June 2006. The observations are 1 Hz averages in Venus Solar Orbital (VSO) coordinates where the x axis points from Venus to the Sun, the Y axis is opposite to the Venus orbital motion and Z axis is northward.
[6] Surprisingly, one day before this typical magnetic barrier observation, Venus Express observed no magnetic barrier at all in the inner magnetosheath region as shown in Figure 1b , although both orbits have a very similar spacecraft trajectory. Instead of the magnetic barrier, the field is strongly fluctuating and exhibits no enhancement of field strength [Du et al., 2009] . Comparing Figure 1a and Figure 1b (we will call it case 1 and case 2 hereafter), we find that both occur at very steady IMF conditions with nominal IMF strength. The only difference between these two events is the IMF direction. For case 1, the IMF is mainly perpendicular to the solar wind direction, while for case 2, the IMF is nearly aligned with the solar wind direction.
MHD Simulation of the Disappearing Induced Magnetosphere
[7] In order to get global overview of the solar wind interaction with Venus at this extreme IMF condition, when the IMF is aligned with the solar wind, we applied the recently adapted MHD model for Venus to simulate both case 1 and case 2 events. Similar global multi-species MHD models have been successfully applied to Mars [Ma et al., 2002 [Ma et al., , 2004a Ma and Nagy, 2007] and Titan [Ma et al., 2004b [Ma et al., , 2006 . The adapted Venus model uses adaptive spherical coordinate with a very high radial resolution ($0.0025R V , about 15 km inside the Venus ionosphere), which is able to resolve structures inside Venus ionosphere. The densities of the solar wind protons and three major ion species (O 2 + , O + , CO 2 + ) in the Venus ionosphere, as well as the plasma bulk velocities and energies are self-consistently calculated in the model. [9] The calculated magnetic field results for both cases in the X -Y and Y-Z planes are shown in Figure 3 . Also depicted are the spacecraft trajectories along which the field measurements were taken. The color plots of the magnetic field magnitude clearly illustrate the magnetic environment of the Venus under different IMF orientation conditions. For case 1 (Figure 3a) , a typical induced magnetosphere is evident with enhanced magnetic field enveloped around Venus with the magnetic barrier at dayside and the extended magnetotail at nightside. Further detailed features such boundary layers and plasma sheet can also be identified. Quite different results are shown for case 2 (Figure 3b ): the induced magnetosphere has essentially disappeared with no magnetotail and only barely identifiable dayside field pileup occupied a very thin region in the inner magnetosheath. We also plot the altitude profiles of the magnetic pressure normalized by the solar wind dynamic pressure based on simulation results (not shown here). The case 1 profiles are consisted with the statistical observation of Zhang et al. [1991] , while the case 2 profiles are much different as the maximum pressure is much smaller and the pileup region is rather thin. Probably we cannot call it a magnetic barrier since it is not able to effectively serve as an obstacle to the solar wind in the case 2 situation.
[10] While we say that the case 2 represents an observational condition when the IMF is nearly aligned with the solar wind, it is not perfectly aligned but with a deviation about 11°which is so-called IMF cone angle. To examine the magnetic field environment when the IMF is perfectly aligned with the solar wind, we run the model with the same solar wind input parameters. Figure 4 shows the calculated results when the IMF is totally aligned with the solar wind (case 3). Here the induced magnetosphere has completely disappeared with no dayside pileup. We have verified this by constructing altitude profiles (not shown) of the normalized magnetic pressure and we see zero pileup field.
Atmospheric Escape Rates
[11] In order to estimate the influence of the IMF on the atmospheric loss rate, we run the model at case 2 and case 3 conditions where the same solar wind conditions applied but slightly different IMF orientations. For case 2, i.e., when the IMF cone is 11°, the escape rate is $5.4 Â 10 25 s À1 ; for case 3 when the IMF is perfectly aligned with the solar wind, the escape rate is about $ 9.5 Â 10 25 s À1 . One can see that the IMF orientation has an impact on the ion escape rates. We note that the total escape under such IMF conditions will be higher because additional escape processes which are affected by the magnetic barrier, like sputtering, should become more efficient. It is worth to mention that our MHD simulation results are consistent with the recent hybrid simulation by Liu et al. [2009] , who found that the Venus atmospheric escape rates are controlled by IMF orientation.
Discussion and Conclusions
[12] In this study, we present an interesting observation of the absence of a magnetic barrier on 26 June 2006 by the Venus Express magnetometer. We note that this absence occurs when the IMF is nearly aligned with the solar wind flow. We also perform an MHD simulation of the interaction that shows that the whole induced magnetosphere has essentially disappeared under this IMF condition. [13] Since the induced magnetosphere plays an important role in atmospheric loss from unmagnetized planets such as Venus and Mars, it is natural to ask whether the occurrence of this special situation of a disappearing induced magnetosphere might affect the planet's atmospheric evolution. To solve this question, we review the IMF orientations at Venus and Mars. Firstly, the IMF Parker spiral angle at Venus is 37°in average and 57°at Mars. Therefore, an aligned IMF with the solar wind is nearly impossible at Mars and very rare at Venus. Secondly, if we go back to the early young Sun period, although the solar wind speed was about 4 -5 times faster than that at present [Newkirk, 1980] , the solar rotation was much faster, about 10 times [Ribas et al., 2005] , resulting in larger ancient IMF Parker spiral angles at Venus and Mars. Therefore, it is safe to say that our observation of disappeared induced magnetosphere representing only rare situation that occurs only at Venus and only nowadays. This special case would not have affected the planetary atmospheric evolution in our Solar System.
[14] However, if we look beyond our Solar System, our observation of a disappearing induced magnetosphere might help us to understand the stellar wind interaction with Hot Jupiters [see, e.g., Erkaev et al., 2005; Khodachenko et al., 2007a; Lammer et al., 2009] or even terrestrial exoplanets within the close-in habitable zone of dwarf stars [Khodachenko et al., 2007b; which are believed to be unmagnetized or only weakly magnetized. As we stated in the introduction, those exoplanets orbit very near to their host stars. At 0.01-0.1 AU, the Parker's spiral angle is basically zero and the IMF is perfectly aligned with the stellar wind. Thus the stellar wind interaction with closein exoplanetary atmospheres resembles the solar wind interaction with Venus on 26 June 2006. As shown by CO 2 -rich terrestrial like exoplanets (Exo-Venus type planets) orbiting inside the habitable zone of low mass M-type stars may lose several bars to tens of bars of their atmospheric gas over evolutionary periods due to dense stellar plasma interaction. However, these authors did not investigate the possibility shown in this study, i.e. that the induced magnetic magnetosphere could result in enhanced escape rates, which should have an even larger impact on the atmospheric evolution and thus habitability of such planets. While the techniques for observation of close-in exoplanet atmospheres are limited, Venus might provide the natural laboratory for studying the evolution of exoplanet atmospheres within close orbits although, the analogy occurs at very rare cases, when the IMF is nearly aligned with the solar wind.
